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^ "^^^ ^s^ofl ^7]S\o] no]^* ^^91^}^ ^^^S-S. ^^^}^^ 9X^ 

9X^ ^]3.^ ^]^t}7] ^ ^^1^^ ^^]o]B\7} <a^£l^ El-olnjol] ^g^^js]^ 

cflolEisq- ^7] ^^m^^ #^<^1^1<^1 ^^51^ ^12 '^^91^]^]^ ^11 

^;^i-7l ;^13 #^^i<^l ■&7l£]£^, ^7] :^]2 ^o]b\6\] o]o]X\ <^^^S\o] ^^7] efl^l^^<Hl 

^13 C-llolE^5|. ;^14 cflolE^^ ^5^-0]^]?^ ;^13 ^ efo] d)] o] E^ # #^^>^ 

;*114 211^1^^; ^ ^7l ^J^\7] ^14 «a5l-<y cfl e]* ;s|-^cflolE^ ^^c-HojE^S 

£ 6 
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^o]B\ <g2l-ol nf^ol ^^J-^g ^7l^ nflasl {SYNCHRONOUS MEMORY DEVICE FOR 
ENHANCING DATA ALIGN MARGIN} 



£1^ #2fl7l#oll ^7l^ 2«1B ^B^afl^] C-flolBl ^ 5] » u|-EfuH 

£2^ £Al^ OlolEi -^^^ M-EfLfl^ 

^efl7l#o11 S]tV DfliE] ^^lo^ 4tilE S&l^^l Cl]o]Ei <y^tf|3l# u)-B)-lfl 

£4^ £3<H1 C-flolE^ M-Bftfl^ Hl-OlPjS. 

£5^ :£4oll cflolE^ <y^tH2lo] -^^>^o| M-Hflfl^ ^o]u^S.. 

£6^ ^ ^'^^ ^^1^1 '='11 ^7]^ ^^l^l 4HlH ^el^lj^l DllolEl 

£6«H1 c^lojE^iE^ti. iH5ii:^» M-Hfifl^ Ir^^^^S. 

£8^ S.6<^] dlolEi '^j^tilsl^ ^3)-^ H-EfvH^ EfojpJiE. 

£9^ SB'^l £^1^ C-flojE^ ^^1^3]^ C-flolEi 'iEl-Ol v}:^^ Bj-ojnjj^ 

211,212,213,221,222,231,232,241,242 : efl^l 

36-5 



20030027633 #^ 2003/10/29 

NDl - ND4 : 
NORl : i^<>|7llol:e 



^ 't^^ ^7l^ tHls.el :^v^loii ^AS-, ^^1 tflolE-ll- Hs:)5fl^l(pre-fetch)^>c^ 

3.<^^^o_S. ^^*>^ cflclE-l og^Wl3Sl-^o] ^o]B\ <^^o] p>^(al ign margin)«^l 

aVS^fl x^lS.Bl^>^l^ #7>5!]- Dllrol n ^^9] ^^^^ ^^l^^J^S. 

7ll^5i<H ^ci-. ^^^^^]f]7] ^l-^<^l^i ^ol^l^ ^7ls)oi 

51^ ^71^ (Synchronous) t^I^bI ^^l7]- ^^>£l^n1-. 

o] ^IxS^o^ ^o]B\ ^oflA^ §^o^ ^7lofl ^>i4-5l C-HojEil- oj^^^].^ ol^ti> 

SDRCsingle data rate) ^7]^ "^S.^ ^^lo-jc^.. 

SDR -^71^ ^A] 31^ -S-^^>^ n>^s:].7] 6|] 

(DDR, double data rate) ^7]^ ^]S.^ ^^17]- ^M^S^-. 

^r]o^ ^71^ 2]r cflolE^ *a#:e«>llAi^ ^-^<^lAi ^^-^ 

^l^Krising edge)54- ^V^J" (fal 1 ing edge)<^l -^71510:1 <a^^ 7lls] ollolEl7l- '^j^ 
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^^]^ ^A^]^]^] u^^^s. ^2fl2i SDR ^7i^ ^]3.^ ^^^]o\] ti]t}c^ ^ 

¥ wfl ^l^J-^ cfl^^Cband width)-!- t^^^" ^ '^t^ Jl#-^3]-ol 7]-^*l-cf. 

<19> 1151 cll, t:]x:]o^ uflaE) ^1-^l<HlAi^ 7flSl c^lolEl^ t!: l"^ ^7l«^lA-l ifliiiflTlu)- SEfe 

oj^al-cfo]: ^1-71 nfl^ofl, o]^ S.^^o^S. ^^t}7] ^^^^^ ^Sflo^ ^7]^ nflSEl ^^^l<HlA^ 

<20> n>6i: ^5^o^ ^7l(cycle)7l- lOnsec ^£2}^ ^ ^R^^l^ 0.5>4-2):^- 

uv^7] ^tir ^1^ wfl^ ^^2^0.^ Qnsec ol^l-s^ ^l^-^"?]: -^7)1^ c-flol 

^ojo.^, ;^V:^l^ C-flolE^^ i^^iflTl^ ^ Hl-<^1 ^Hl ^=^1 ^ ^ 

<21> icj-H^-A-l pflae^ ^d-^l^fl^i cflolE^^ '^j^^W vfl:^ ^o^c^^O.^ ^^^1-71 ^^^^-^oll 

^^S)^ cilolE^l- #^^>7l ^eflA-l^ AflS^ t^]o]B\ ol^^l^ aj-^o] ^Asl-Cf. 

<22> o]!- ^^>o^ cqclo^ Dl]2.Bl ^^12] C-llolE^ *a^ttl3Sl^ ^^<^1^1 ^ ^K^-^j^lofl ^7]^ 2 

alB(bit)^ cflojEi* He^sfl^l^V::!, ^l^S^^o^ ^i-^ofl^io]] ^^^o]b\ ^^t^]o]B\ 

<23> *}.^, CflojE^ 'a #^21 ^^t!: Bl-olnj^ ^^*>7l ^8fl ^o]B\Mr ^^^^^ afl ^IS-B^^J- 

^1 ^]^^ #*y-^^Bl^^l(CPU)M- ^12.51 ^Hl- e-1 ( controller) -HI A-1 oflojE^ ^i^Sif ^^]o]b\±, 
B^a.(data strobe) ^J:(DQS)7V ^i^^cf. 



36-7 



^1 



20030027633 %^ 'UA- 2003/10/29 

<24> £1^ ^2fl7l#o11 9]^ ^7]^ v\]3.^ ^^^]o\ 2^]B. ^^^^] tfl o] o^^H^Jl]^ u|-B)-vfl 

<25> %l-2:S^l-C.i #5^^^. -^71^1 uflS-al ^^1^ 2tilB ^Slsfl^l CflolE^ ^a^li^Sl^ Sj- 

^^(DQS)^ s\o]^d\]7.]$^ s.^6]]7.]d]] z^z| ^^A^s]^ 5l-ol^i^:di(dsrp)i4 l-^^^Cdsfp)* # 
cflolEi^BS^ c^lojEi* itl^-s^E] ^^«>^ c-ijolEi ^sij^sq., 

^^€^(dsfp)<^l ^^1] cflolE-l iH3l^<^l^i cll<^lEi(data)» efl^l^V^ ^^sfl^l^, 1- 

^^^(dsfp)<^l e^-^l^sfl^Hl^i t-llolE^Al^(rising_data)l- fifl^l^V^ #^^1^ 

^^Efl^]ollA-1 #^5]^ l-^cilolEl(falling_data)al- 'gel-'?! #^ cllo]EKalign_dr)» ^ 
e^oiAl^l^ cflojE-l^e^-ol-^^, <ge1-oi #^ c^lojE-] (al ign_dr)sq- l-^efl^l^ #^ t-flolEl 
(falling_data)l- <y^^o> ^S^ti.A]^(ciata_strobe)<^1 -§-^*><^ ^lS.£l ^V^l^ ^^S. 

^o]B\ c-ilolElS #^^>^ 'a#^2l-«?l 

<26> :£2^ il^l t^]o]B\ <^^n]^o:{ ^^-^ ^^^^ B|-olTnj_£oll4. 

<27> oj^j. £1 ^ £21- %2i^}^ 2alHl- t-flojE^ og^ttlajoj ^3^^^-. 

<28> #Si(CLK)^ s:i-ol;go]];^lfi^- 1- ^ ofl oj] ^7]S\o] t^]o]B] 

(DO ~ D3)7> ell<5lE-l7l- El-olnjofl ^^o^ c-llolEl>;HS-i3l <0x(DQS)7> 

<29> dlolE-l^HSW. ^:£(DQS)^ ^^cJ-^l'Hl^ S>oloj3lo1>- -H-;^ls>Jl $Xr^7}, t^]o]B\ 

7} 'Uns]7] ^ xj]^ S.^ ell'i^ -B-^l^m HHl«Sl-(preamble)>^BflollAl c-11o1e]7> «a 
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olcflol^£]o:| c-ilolE-1>::HS.ti. >0J:(DQS)2l el-o] ^ ofl;^! o]] A-^ ^>i^E|]S. ^o]^^^ 
(dsrp)fil-, cflolE-liH^a. ^^(DQS)^ 1-^<^1^1 ^^^Efl^ l-^^:i(dsfp)« ^^^i 

<3i> ojcs^A-l 5^ol;gEfl^l^ ^11 c-llolElf4 ;^13 c-HoIe] (do,D2)» ^l-o] ^ ^>i(dsrp)<^l 2fl^l 

2}ol^lc-11olEi(rising_data)S- #^tb^-. ^^afl^]^ ^12 cllo]Eifif ;Hl4 cflolE^ 

(D1,D3)1- #^€i(dsfp)oll ^sfl efl^l3r>cx^ l-^cllolEKfalling_data)« #^*>J1, 
c-flojE-l <ael-^-^^ 5^-<^l^icl]c,lBl(rising_data)* l-^€^(dsfp)«Hl i^^l efl^l^H ^i^l-^ 

c11olEKalign_data)S. ^^^71^^ c^lojE] ^5]-^^^ ^S.^ ^^^MS. ^ 

<32> o]o]A^ ^s.^ oj^^e^oi ce^.o]tJi^ xflw. iHSti^^(data_strobe)<H] ^^^]-cx^ <^el- 

'?lc11olEl(align_data)5!l- l-^c11olE-1(falling_data)» ^S^i (Global l/O)^] €^*> 
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<34> ^^y]^o\] d]^ T^]s.^ ^^jo^ 4ylE dlolE-l ^ JtH" H-Bj-tfl 

<35> 5E3^ ^S^><^ #3^i^, -^7l>^ ^^1^ 4W1B He) 311^1 cfloiEi <a^tH3Jl^ e)- 

^^(DQS)21 E^o]^o]];<\Q\. oil ^1 oil z|z)- ^^^^s]^ efo] ^1 :f ^(dsrp4)2l- l"^ ^i(dsfp4)l- 
#^*>^ cflolBl^xB^ti 190)54-. n^]^* ^-f-S^E^ ^o]b\b]^^(ioo)si]-, 

E^-ol^i^>,(dsrp4)oll cflolEl «l5Jl-^(i00)o1lAi cIlolE-Kdata)* efl^l^H ^ 

^l^ic)]olEi(rising_dO)S #^^>^ ^'=>]^^^](nO)^ , tll<^lEl(rising_dO)» # 

^^^(dsfp4)<>11 ^^fl 2fl^l^>^ ^13 <iBl-^c11olEKalign_drl)l- #^^1-^ :^]2 e^-o] ^ Efl^l (120) 
^, 2l-<^l^^i(dsrp4)<Hl ;^13 <iel-^cllolEl (al ign_drl)» Bfl^l*><^ ^12 ej-o]^^^ 

(rising_dl)» #^*>^ ^13 s^-o]^ sfl^] (140)2]-, ;Hl2 ej-^l^ t-]lolEKrising_dl)l- 
(dsfp4)o11 o^efl Efl^l^rl-ci^ ^11 'M5l-^lc11olE-l(align_r0)l: ^l4 ej-o] efl^] (140)2)-, 1- 

^€^(dsfp4)oii ^^]o]^^^^aoo)^]^^ wn^^ c-ii<^iEKdata)# Hfl^i^H ^14 

olEl(align_dfl)S. ^11 l-^2fl^l(130)sq-, 'gel-^efl*^! (al ign_df 1)1- 

5l-ol^^^(dsrp4)ofl 2]^ sfl^l^H l-^c-fl^lE--1(falling_dl)l- #^^1-^ ^12 ^^^^] (150)3^, 
^^t|l<^]Ei(falling_dl)* l-^^:ii(dsfp4)<>11 ^Isfl :^]2 e^ (al ign_df0)S. 

#^^1-^ ^13 €^2fl^l (150)54-, ^11 vfl^l ^14 'gHl-^lt-flolEl 

(align_drO,align_dfO,align_drl,align_dfl)» *a^^<>l- :^iBSti.^ J:(data_strobe)<^l 
^^H 'a#^2l-^(GI0)AS. ^i-^cfl^lEKgid_evO,gio_evl) £^ eflolE-l 

(gid_odO,gio_odl)^ #^*>^ ^S.'i ^#^^1-^ .^2|-<^ltH (180)1- ^^m^. 

<36> ^So\] ^A]^ cflolEi Ol^BlBl2] M-Eflfl^ E)-o1 5^0] . 
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(DO ~ D7)7> c-flolBl7> Efo]njofl nV^o^ 01] o] >iHS.tH ^X(DQS)7> 

<39> ci)oiEi,^^HS.ti. til3i:^(i90)^ 5^-olB^^<H«11 ^«fl ^J^^sl^ ^'^Hlol^AisLCenclinds)^!! 

olo11ol^£]c>| C-ilolE^>^HS.ti. Al^(DQS)^ 2}o]^o11y;lo1lAi ^>i^EflS #^5]^ e]-<^1^1^ 
^(dsrp4)fi^-, cIlojEl^ie^ja a1^(dqs)21 l-^o^l^l ^i^Efls. #^^1^ €:^(dsfp4)l- 

<40> o]o]A] 5^-ol;^Efl^l(iio)^ ;^ll,3,5,7 eflol eKD0,D2,D4,D6)1- e^-o] ^ :f ^(dsrp4)<^l 

s]^ Bfl^l^>oi 5^-ol;Sc-llo]El(rising_dO)S 

<4i> o]<^X\ ;^]2 e1-ol;^i2fl ^1(120)^ l"^ ^^(dsfp4)o11 el-o];^! c-^lolE■^(rising_dO)l- 

^^l^l^H ^13 ^ 51-^1 cllo]El(align_rl)# #^5>ji, ^^efl^Kiso)^ 1-^ ^i(dsfp4)oll ^ 
tfl :^12,4,6,8 c]lolEKDl,D3,D5,D7)l- efl^l^H ^14 <ie1-<atflolE-1(align_fl)S 

<42> olo^A-l^ ;^13 el-ol^Hfl ^1(140)^ 2l-ol^i:t:i(dsrp4)<Hl m 'M5l-'?]cflo]EKalign_rl) 

1- Efl^l^V^ ^12 5l-ol^c-llolEl(160)^ #^^>:il, §^2fl^l(150)^ Bl-ol^i€^(dsfp4)<^1 ^ 
^14 ^ef<ycfl^lH.-1(align_fl)* sfl^l^V^ 1-^ cl] o] e-] (fal 1 ing_dl)^ 

<43> o]o]A^ e}ol^isfl^](i60)^ l-^^i(dsfp4)'>]l ^Isfl ^12 e^-^l^i i:-llolE-1(rising_dl)# 

sfl^l^H ^11 *ie|-<acflolBl(align_rO)S. #^^>3i, m 1-^ efl^l (170)^ #^^^(fsfp4)<Hl s] 
«fl l-^c-11<^lEi(align_df0)» Efl^l^l-o^ ^12 ^el-<ycflolEl (align_fO)S 
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<44> o]<>\A] ^s.^ B.s]-o]n\ii8Q)^ i^y- Ai:^(data_strobe)<Hl 

^14 'l2l-<yc11'^lEKalign_dr0,align_df0, al ign_drl ,al ign_df I)* ^^c11o]e-1 
(gid_ev0, gio.evl) lE^ cll«^lE=1 (gid.odO, gio_odl)S. 'S#^h1-<?I (Global I/0)<H1 

<45> s.4<^] wj-sj]. i^a- >iE^ti.Ai:^(data_strobe)7l- ^#^2}'^ -E-e)-olt3^ 

(180)ofl ttfl <iH^-«yslc:| <a^£)^ ^11 vfl^l >il4 ^geftlcflolE^ 

(align_drO,align_dfO, al ign_drl,al ign_df 1)* ^S.^ '^^^^^9l(gio ^^^}7\] £] 

^ ^S.^ ''^^^^9l^S. 4HlH^ cflolEi* H>a.7ll t^l^^^H*^^-^ 

S ^sfl^i^ iHSti.A]j:(data_strobe)^ 'X'i4l<Hl^i #5.^ ^a^^sf^ 

<47> ^l-^Hl^i Bl-olH^^^l ^<H1 C-llolE^7> <a^5l^ ^■^]'^^^] n|-e)-A^ ^^5) 

^ cflolEl^iE^ti. Aij:(DQS)^ (WL-0.25)>tCK - (WL+0.25) HCK^l n>^^ 7}^]J1 <^^o] ^c}-. 
^7]^^ ej-olH efl^l^^KWrite latency)!- ^^Vfe ^A^S. ^<^]^^^o]7} o^^^ ^ tflo] 

^^7} ^77}^]^ Efolnj^ M-B|-tfl^ ^o]r^, 

<48> tt|.H^Aj Cfl^lBl7V Efojnjc,)] oj^S)^ cfl o] Ej ^ H ^.jd Al^(DQS)^ ^ O.StCKSl 

°>^* 7l-^l:il ^^li^. ^, '?>^i= WL=1 ol£l-'a, ollS-Sl ^^l7l- -^^^>^ ^:?Jrofl 

^ E^olEt^^o]7l- ^oil 0.75>tCK ellolE^:±iBS.«. ^^(DQS)7> ^y^S^JI, 
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^^'^l^ 1.75HCK <=>]^<^] tflolE^^xB^a. ^Jl(DQS)7l- 

<49> £.5011 5.Al^ DQSl^ e}<^lB^^c>l7> <a^^ ^011 0.75HCK cflolE-l>iH 

S.^ ^Jl* M-Ej-vfl^ ^<^1J1, DQS2^ 5l-<^lH^^«H7l- ^^1 1.75HCK ol^<Hl 'a^S)^ 

<50> ttj-s^-Ai DQSl^l 2fl^m cll<^lEKD0,D2, DQS2<^1 sfl^l^ c11o1b1(D0,D2, . . )^ 0.5X 

tCK^ 7V^lJi $X^. 

::hH^ti.^J:(clata_stobe)^ DQSl^f DSQ2<H1 Efl^l^ cllo]Ei7l- ^^^1 ^-B-*>^ «}-:^ 

<52> trj-s^A-l -^71^ x^lis] ^j-^l^ll^i ^o]^^^ *?j^^<5> ^ ^}^<=>] 0.5HCK 

^<^1^. '?>^^ SOOMHz^ ^lisl -g-^l-^s^o^ ^7]^ tCK=2n7> sl^c^], o] 

nflo^ c-11oVE-1>^:esti. Aij:(data_stobe)7l- <?]^« ^ n>^^ LOno] S)^ 5J^li4. 

<53> o] AlJ:(data_strobe)5l ^ ^ ^>^* ^5^^^ ^, ^-^ ^^HS.^. 

^Jl(data_strobe)^ ^>^^ 0.5n ^i^i<Hl ^^Mi •S^l-'?!^ cIl^lBll- tfl^ #3.1^ 

<54> pflse^ c1 :a^^^o]l 4el-A-] .1^1:^^ tLAi3:(data_strobe)^ °>^^ ^ 
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<55> ^ ^Vt^^ ^y-^g^ ^4^^ n^^7] 49}^ ^^S., #^ofl ^7]^]^ ^ ^ ^1 ^ ^ 

o]B\% ^e1-<?l*H Ml^SlSS. ^^^V^Cfl ^0]A^o^ Z^]o]B\ ^EJ^O] u>^^ #7>a1^ :ii^3xi-oii 



s^>^ ^12 #^^^15+ ^^^^o^ ^^1- ^#^>fe ^13 #^^1-71 

^ m Efl^l^^; ^^7] 42 ^^^^o\] -^7lSl:£^, A^V7l ^11 2fl^l^^<^l '^^91^ ^1 1 ^ ^l2 

oil '^^91^ m ^ ^12 c-iloiE^» 7l]<iel-oiAl7^ ^ >il2 *aHl-tlc-1]olE-1s. #^^1-^ ;^13 

^14 Efl^l^^; ^ ^1-71 ifl^l ;^14 <MB|-<ycllolEl# ;E|-^cllolEl #^c11o1b1S 
*H #^*>7l ^tl: ^#^e1-'el ^5]-oltHl- ^wl^l-^ -^71^ 0112.S1 ;^l^tl-cf. 

^t!- ^ S|-ol^Hl^lS^ -^7l5]cH t^]o]B\^ <y^wV 

^ -^71^ v\]3.^ ^^jofl Slo^A-l, >a-7] C-1101E171- ^^£1^ ^o]u^6\] dlojE^^HS. 
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^l7l^ 75l]2 Hl-ol;^lsfl^l; ^7] ^11 l-^^^oll ^7l£l£^, >^7l :^]2 2fl ^1 7] ^ ^^H 

^Sfl efl^]€ ^12 CflolEil- CfAl Efl^lAl^ #^*>^ ^12 ^13 ^ 

7l5l£^, Aj-71 ;^]3 e^-Ol^lsfl^lofl Efl^l^ ^11 DflolE-l* CfA] Sfl ^1 A] >^7l ;«fl 1 <a2l-^Cll 

o]B\S. #^S>^ /^14 ^1-71 ^3 ^^^^'^ ^7]S]S.^, ^oM ^l2 l-^efl^l^l ^ «)] 

efl^l^ ^12 t-llolEil- TTfA] 5fl^]A]?i ^>7] ;H12 <i5l-<y c-flojE^^ #^^1-^ ^13 

^13 ^7ls]£^^ >^l-7l dlolE^oll o]o]A^ 'U^^<^ ^7] Efl^l^-^tofl ^1 «)] 2fl 

^1 ^ ;^13 cfl o] E^ § A] Efl ^1 Al ^1-71 ;^13 ol Ei s %^^}^ 45 el-o] ;^ Efl ^] ; Aj-71 

^13 ^7l£]£^, A^i.71 ^13 4o]E]6\] o]o]A^ ''J^^o] ^7] 41 2fl^1^^<^l ^*fl efl 

^11 m *a2}<yt-llo]E^§ ^^dlolEi ^^dlolEiS. ^^*>o^ %^^}7] 
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<59> ^ ^^^^ wV^^tl: ^^1<^1<H1 -i-71^ Dil2.e) ^j-^js^ 4«lB Se^afl^l ciloiE^ 

<60> ^Ss:>oi ^ ^Ajc^Hl ^7l<J^ Dilas] ;3-^lo^ 4alH Hel^fl^l tflo] 

El ^t^^Bl3i1^ -^^#^3] B^o]:^6\]:;C\Si\. ^^6\]^]6\] ^7]^o] z^^o\ t\]o]B]7} ^o] 

<61> c-llolE-1>iB^ti. -tl^^ sf^l^-^l^l^ ^^-^-fl^ll- ^#^1-^ el-ol^i^^:: (dsrp4) ^ 

(dsfp4_l)^4, l-^€^(dsfp4)^ l-%€^(dsfp4_2)» #^ 

^1-7] tflolEiiE^ti. ttl2]-^(300)^, l-^€r^i(dsfp4)<^l ^7]S\^^ -g-^^s^ (CLK)S^ 

Bl-c^RHl^l<Hl ;^ll t^]o]B\9\- ^^]-#^^(CLK)S^ ^^o^l^lofl -y^s]^ :^]2 no]B\Mr 

^^^]7]^ m efl^l(210)5!l-, ^12 l-^^i(dsfp4_l)<Hl ■^7l5l£^ efl^l(210)<^l "gel-'?!^ 
^ll ^ ^12 i:-llo]E-l(rising_dl. falling_dl)l- ^^fl'gSl-^Al^l^ :^]2 5fl^l(220)^, m 
(dsfp4_2)<^l ^7l£l£^ ^12 2fl^l (220)0)1 515)1 <iBl-<y^ ;^ll ^ ^12 cfl ol e] ( r i s i ng_d2 , 
falling_d2)l- ^'^'^^91^]^ ^ ^l2 "^^91 cllolE^(align_drO. align_dfO)S ^13 
211^1(230)31-, ;^13 #^€^(dsfp4_2)<^l ■S-7l5l£S. ;^i2 c-flolEio)! o]o]a^ '^^n^o] efl^l 
(210) <^1 ^5l-<y€ ^13 c-flolEi^!]. ;^14 ^o]Bj^ '^^91^]^ m ^ ^14 'iBl-<yc)lolEl 

(rising_dl, falling_dl)S #^*>^ ^l4 sfl^l(240)^, ^^lU <g£}-^cllolEKalign_drO, 
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align_dfO, align_drl, align_dfl)* ^T^cllc>lEl(gio_evO, gio_evl) S.^ ^n^cflol (gio_od0, 

gio_odi)s. ^^t}c^ ^s.^ =Hi-<^itH(250)^ ^witiri^. 

efl^l(210)^ 2l-<>l^i^i(dsrp4)«Hl -S-7ls|3E^ -^7] m ^'=>]^]^ efl^l^^^l^l^ 
^11 ^<=>]^^^]mi)s\., m l-^^^CdsfpO'*!! -i-7l£l£^ ^11 e]-ol^iEfl ^1(211)^1 S]^ Efl^l 
^ ^11 cflolB]^ cfA] efl^iAj^]^ e|-ol;^iEfl ^1(212)5^1-, m l-^^^(dsfp4)o11 ■^7l£l£S. 
^oM ^12 Efl^jAl^l^ 1-%E11^1(213)» ^tij^Vcf. 

at!:, ^12 2fl^l(220)^ ^12 1-^ €i(dsfp4_l)<^l ■^7l£]£.^ :^]2 el-<^l ^ efl^l (212)<^1 ^ 
n Bfl^l^ tHjoiE^^ cfA] Efl^lA]^^ el-o]^efl^l(221)i2l-, #^^^(dsfp4_l)o11 
7l£l£^ §^Efl^l(213)<Hl 2fl^l€ c11<^lEil- ^-^1 Bfl^l^l^^ ;^12 #^2fl^l(222)l- ^ 

^13 2fl^l(230)^ ;^13 #^€rfi(dsfp4_2)«^l -^7lsl£.^ ;H13 ej-o] ;3 efl^l (221)oll 5^«fl efl^l 
€ cllolE^(rising_d2)l- cfA] £1)^1^15^ ^^y] <MH^-«yc-11olEKalign_drO)S. #^^r>^ ^14 
^^]^^^](231)^, m €^€^(dsfp4_2)<Hl ^7l£l£^ ^12 #^2fl^K222)oil Efl^m 
^12 c-flolEi* efl^l^l?^ ;^12 ^^el-^cflc^lB-l (al ign_dfO)S. #^*>^ :^13 §^ efl^l (232)» ^ 

;^14 2}1^1(240)^ ^13 €^€:^(dsfp4_2)<Hl -^7l£]£^ ^l-7l ^o]E]o\] o]o]a^ oj^s] 

o1 m Hfl^l(210)<Hl Hfl^]€ ^13 no]B\^ z]-X\ Efl^lA]^ ;«fl3 'ie|-«?Ic-flolEl(align_drl)S. 

#^^]-^ ^15 &}-^>H1Sfl^l(241)Sq-, ^13 l-^^:±:(dsfp_4)oll ^7lS]£S- ^y] ;^]3 c-flolE^oi] ojol 

<y^s)oi sfl^l(2l0)<^l ^*fl Hfl^l^l ^14 cll<^lE^# t^^l efl^lA]?^ ;^14 'iel-olcllolEl 
(align_dfl)S #^*>^ ^14 #^Hfl^l(242)» ^ajtl-i^. 
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<66> ^Q6\] £Al^ CflolE^^iH^ti. tH 5] -^(300)1- M-E^vfl^ Cf . 

<67> %i-2:s>o^ ^s^i'S, dl^lE-i^HSU. tH2l-^(300)fe ef^lH ^^<^1 

e^olH^^(wtp)» #^*>^ 1=1^^1 (310)^4, t-fl<^lE^^B^w. ^SCDQS)* 'a^^<i> ^o] 

^^:i(dsrp4) ^ ^11 l-^^^(dsfp4)* ^5^^s>o^ #^sr>^ cfl o] >iBS. 3S] (330)5^-, B^- 

l-^^:ii(dsfp4_l, dsfp4_2)* ^S>y*>c^ #^^>7l ^Htb c^lojE^ ^i:^^^. c1h>o1d1( 340)1- ^a] 

<68> c^lojEi Bl3l«-(340)^ 2}olH€rf^(wtp)l- e1-«^lHeflol€^l(WL)^^- 

^^((WL-DhCK)^^ a] shifting) a] 7^ cfl o] e-1 ^ e ^ h. w>o] c-^ (340)S #^^>^ 
eflci^A] Al=Bl(320)# t:-) ^altb^-. 

<69> £^1^ c^lolEi ^^tHs)^ ^^-^ M-Hl-ifl^ Bl-olnJ;£olcf. ^> S.6 

£8» ^ ^Al<=^l«^l 14€- ^IS-Sl ^^^1^ cfl^lE^ oJ^tHsilo^ -^^^ 

<70> Dj;^^ #^(CLK)2l ^o]^o]]^]9]- ^^o]]^]o\] ^7]:i\o] cfl o] E^DO ~ D7)7> 'y^SlcH dlo] 

E^Bl3Jl-^(200)<Hl yi\^^S\jL, t-llolE^7> ^^51^ Bj-Olnjofl nV^c^^ C^] E] ^HS. ti. Aljfe 

(DQS)7V 

<7i> c-llo]EiiE^ti wl5il-^(300)^ 5l-olB^^<H*^l ^«fl ^J^^s]^ ^<Hloll:Al^(endinds)'^l 

^«fl ^<^1<^ll-s]Jl, cl]olE^>::BS«. ^^(DQS)^ 5]-o]^d\]yqg]. ^^o\]y(\c;\]A^ yj^yj^ ^^i^EflS. 

e1-<^l^i€:ii(dsrp4)i4, 1"^ ^^(dsfp4)s]-, 1-^ €i(dsfp4)^ ^^^^ 
# ^#^>^ ^12 l-^€:i(dsfp4_l)sV §^:t>io:i tn^sl^^ll ^JSS ^#^f^ ^13 
l->i^>i(dsfp4_2)l- '^jA^^Vc.i #^t!:i=1-. 
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<72> o]o]A^ 5l-ol^lEfl^l(211)^ c11olE^Bl3l-^(200)<^l^i c^l E"! (data) ^<=>\]^^ 

;^ll,3,5,7 c11o]Ei(D0,D2,D4,D6)* ^ l^(dsrp4)oll ^o];^t\]o]B\ 
(rising_dO)S #^t!:i^. 

<73> o]o]A] el-ol^lEfl ^1(212)^ l-^^^(dsfp4)oll S^sfl ^<=>]^x:^]o]b\ 

(rising_dO)l- cfA] sfl^l^H ^l2 e^-oj^i c-11olEKrising_dl)^ #^sr>ZL, ^^fll ^%Hfl^l(213)^ 
cllolElttl5il^(200)<HlAi cflolE-ICdata) #<^1a^ ^^(dsfp4)<Hl ^12.4,6,8 

cll<^lEKDl,D3,D5,D7)» efl^l^H cfl^^l (fal 1 ing_dl)S. 

<74> o]o]X] el-ol:^sflAl(221)^ ^12 1"^ ^^(dsfp4_l)<^] ^12 el-o]^ c-Ho] e-^ 

(rising_dl)l- 2fl^l3r>o^ ^3 ^1 cfloltKr ising_d2)^ #^^>Jl, 1-^ efl^l (222)^ ^2 
l-^^-^(dsfp4_l)<^l #^T:-llolEl(falling_dl)# i^^M^ y^]2 S^cflojE^ 

(falling_d2)S. 

<75> o]o]A^ ;^14 s|-ol^i5fl^l(231)^ ^l3 l"^ €^(dsf p4_2)'>ll ^*fl ^13 e^-o] ^ cfl e] 

(rising_dl)» efl^l^]-^ *iEftlt-llolEl (al ign_drO)S. #^*VJ1, ^13 #^2fl^l(232)^ m 

l-^^^(dsfp4_2)<^l ^12 l-^e|l«>lEUfalling_d2)# afl^l^H ^12 

(align_dfO)^ 

<76> ojo^^i ;H]5 2l-ol^2fl^l(241)^ ^13 #^€^(dsfp4_2)^l S^^fl ;^fl2 ^o]:^^o]b\ 

(rising_dl)l- sfl^l*><^ ^13 •ge1-<?lc-llolEl(align_drl)S. :^]4 1-^ efl^l (242)^ ^13 

#^^^(dsfp4_2)oll 4l ^^iHlolBl(falling_dl)» efl^l^H ^l4 "^ef^c-ll^ilE-l 

(align_dfl)l- 
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<77> c]o]A-\ o^^^^o] j^e^oltH(250)^ r±iHS.w.Al5:(data_strobe)<^l -§-^s>o^ 

m ifl^l <i5^-<ll';-flolE.Kalign_dr0,align_df0. al ign_drl,al ign_df I)* ^^t^]o]B\ 
(gid.evO. gio_evl) 1-^ c11olEl(gid_od0, gio_odl)S. ^S.^ 'a (Global I/0)<^1 

<78> £8<H1 wl-sq- ^o] iBSy-^^(data_strobe)7|- ^S^g <a#^el-"?l -BEj-oitt] 

(align_drO,align_dfO, al ign_drl,al ign_dfl)* ^S.^ 'U^^^9l^S. ^^§>7fl ^^]^. 
<y#^s]-<?I^S ^sl-'y^ 4HlH^ xHlolE^l- w>s.7ll ^^^1-71 

H^w.Aij:(data_strobe)^ 'Y'vflo]lAi ^s.^ ^^o]n]^ ^^^o]<:>]: ^v}, 

<79> z^]o]B\ <y^Bl3^o^ c-|]olEl n>^^ i4El-Lfl^ o] ^o] rf. 

o]^} £91- ^S^>c«^ ^ ^^lofl<^l cflolE-l oj^tJ^slo^ d]olEl <Mel-<?l nl-^^ 

<80> a>Sq. ^o], 5+<^l^<^l^lS|- 1-^<^1;^H1 ^7]S\o] DllolE-l7> ^ ^ ^o\] 

, ^'=>] 'a^i)^ i:fl<^lEl>iEs.y. >tl^(DQS)^ (WL-0.25) HCK ~ (WL+0.25) 7>^1zl 
o^^o] ^cf. o^7lAi WL^ 51-o1:e eflol^AKWrite latency)* ^^1-^ ^^S. £}-olH^^ol7> 

<8i> al-e|A-1 cilolE^y]- ^J^slfe E^-olnjofl <y^£)^ cflolEi^iHS-ti. ^SCDQS)^ 0.5tCm 

n].^^ <y^5]^ ^, WL=1 oje^-ig, Dflae:) ;^j-^l7> ^3|-3:>^ c^^cg ^:^c>\] 

^ ^o]^^^o]7} <U^^ ^oil 0.75HCK ol^ofl c-11olEi^:E^ti. Ai:^(DQS)7V 

^H'Jl ^^oll^ E^-ol:Et^^<>|7l. o^^^ ^o]] 1.75HCK o]^d\] oilolE-l^iBSti. >iO^(DQS)7}- 
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<82> :e9o)1 :£a1^ DQSl^ Bl-<^1H'^^<H^> ^^1 0.75>tCK oj^ofl o^^s)^ 01)0] e^^B 

sa. ^^1- M-H^-i^^ DQS2^ e1-<^lB'^^c>l7> <?^^^ ^ofl i.75>tCK cj^ofl oj^s]^ 

t-il<^lE^iHS«. ^J:(DQS)» M-E}"^!:]-. rcj-e^-A-l DQSH 2fl^l€ (D0,D2, . . DQS2oll 

Efl^jsl c-ilolEKD0,D2,..)^ 0.5>tCK^ 7}^]Jl ^cf. 

ims.y.^^(data_stobe)^ DQS14 DSQ2^1 efl^]^ c11olE-l7l- ^7?\] ^-^*>^ ^:^<=^] 

^1 :^2l-olHl (250)5. <a^ol £)o:|o>^4. 

<84> SAjsl ti>c4 ^o] DQS13}- DSQ2<^1 ^«fl Hfl^l^ cllolE-l7l- ^-R-^>^ 0.5HCK 

>S^1 ^cf. o^sf^i :iB^ti-^:s:(data_strobe)^ 0.5HCK >§ ^^<^ofl 

<85> DVot sooMHzS. ^3h^>^ ^S.^ ^^1^ tbS^ ^7l^ tCK=2n^t-fl, o] cflolEl 

^^(data_strobe)^ °>^^ 3.0n7> s]^ ^<^m-. 

<86> o]^ ^5fl7l^o1]A-1 .^71-^ v\]S.^ ^^^]6\] t^]o]B\7} <^^^S]o] <^^o] a] ^ ^ ol^ c].^ 

O.SHCKom ^<^1 wi^flA^, ^ ^i^oil -^7l<ii T3fla.el ^v^Hl c-flolEi7l- 'a^slo:! <ge|- 

^1^ ^ ^>^^] 3«fl^ #7>S1^ M-E^-tfl^ 

<87> i:-llo]Ei7l- <^^^^o] cgs^o] A]^ ^ o;i^ D>^o] ^7>^O.SAi njliE^ ^l-^l7}- tilojEi* 
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<88> ojAj-oilAi A^t^tb ^ ^^-^^ ^^1<^1 ^ tl-^S]^ ^o] o>u)ji 

, ^ ^^^^ 7l^^ A].^v^ 9i<HM-^1 ^<^l^i <^5.-i ^1^, ^ ^;§oi 7>^ 



^ if^oll ^*fl^i cfl<^lEi^ <g5l-<y D>^^ f.Eflo| ^^1^4 SMH^l^o^-^ 

0} ^ o^Cf. 
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[^^%^- 1] 

e^-ol^Hl^lsq- €^<Hl^lofl ^7]S\o] t^^o^ cflolE^* 'a^^^ ^7]^ ^]S.^ 

^7] ^o]^]7} -i^^S)^ Efolnjofl ^g^^JS]^ C-l] o] 5. ^^^W. 

, ^7] ^^^^$] ^^^^ ^Jl* ^#^>^ ^12 l-^^^S]- ^V7l m #^^^21 

^11 ^#^>^ ^13 1-^^^* %^^}7] ^t!" cIl^^lB-I^BSa. Bl^l^ 

^ll'ie^-olA]^!^ ^12 eflAl^^; 

Eil- :^fl<Mef^^l5^ ^11 n ^12 'ie^-'yt-flolE^s ;^13 Hfl^l^^; 

^7] m i-^^^<^i -^7isi£^. ^71 ^12 no]B\6\] o]o]A^ <'^^s\o] ^^7] m ^^]^ 

^7] m ^7] ;^14 'iHl-olcllolE-ll- ^^cHlojEl ^^t^jolE^S. -{d^^><^ ^^^}7] ^ 
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21 

^1 Sfl^l^l^l^ ^12 Hl-oj^Efl^l; ^ 



31 

^J-7] ^12 Efl^l^^^ 

^1-71 ^12 #^^ioil ■^7]sl£^, ^12 e}ol;gefl^i<^i o:|^fl gfl^^^ cflolEil- 

^1 efl^l^l^ ^13 ^ 
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^13 ^^^ri^ofl ^7]5]^^, ^7] ^12 #^2fl:^l<^l Bfl^l€ ^12 C-DojEil- iq-A] 

Hfl^lAl^ ;sn2 -iel-^c^lolE^s ^13 ^ti]^}^ ^^^^ ^ 

7]^ niis.e] 



^1 1 

^7] ^13 #^€^^1 -^7l5l£^, ^12 tflolE^ofl olo^A-l <a^5]ol ^7] ^1 sfl^]^ 

^ofl Efl:^]^ ^13 ^o]B\M. r^^^ Sfl^lAl^?^ ^V7l 7^13 tfl ^ %^^}^ 2l-ol^2fl^l; 

nl 

:^ 

c^^ol] o^Sl] Efl^l^ dlolEil- CfA] Sfl^lA]^ A^V7l ^14 <iBl-<yc^lolE^S #^*>^ #^2fl^l» 

6] 

^1 1 9X^M. 
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-^71 B^-olH€^<^1 2.7]^^3.^7} >^^5]i^, -^7] ^jl o]'%-^}c^ ^7] 

^J^S. 3r>^ -S-7l<^ ^3.^ ^^1. 



7] 

cltil-oiDl^ efl'^l^^l ^l^Bil- ^al^V^ ^^-^S. t}^ Dfls. 

5^ ^1-^1. 



e^-ol^goll^lSJl- l-^ofl^lofl ^7]S\o] cV^o^ C-llolE-11- ^7l<b] v\]S.^ 

>^V7] CllolEi7l- '^J^Slfe Efolnlofl ^g^^JS]^ cfl o] e] ^HSja Alj^^ «a^^O>. ^7] C^] 
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^#^1-^ ^13 #^€^1- ^^^■7] t-floiE^^^B^a. 

^oM ^12 l-^^^oll ^7l£]£^, ^7] m Sfl^l€ 42 C-flolE^^ 4a] 

Efl^lA]?^ 42 ^^efl^l; 

A] Efl^lAl?^ 41 'Mef'^t-llolE-ls #^^>^ 44 5l-ol^isfl^l; 

43 l-^^^ofl ^7]S\^^, ^7] 42 211^1 € 42 i:-11<^lEi# CfA] 

efl^lAjT^ 42 ^5l-<y4<^lEis 43 #^2fl^l; 

43 ^7l£l:£^, ^7] 42 C-llolE^oll olo^Ai o^^^o] ^7] 41 211^1^ 

^<H1 9]^ Efl^l^ ^13 cHlojEi^ rq-A] efl^lA]^ ^V7l 43 <ge1-<y 4<^lEi^ #^^>^ 45 ^<^]^ 

-^oM 43 #^^^4 :^7lSl£^, Aj-7] ;ql3 fflolE-joll o]o]A^ <U^^^ 41 Efl^ln^ 

^d\] Efl^l^a 44 CflolEi* CfAl Efl^lA]^ ^7] 44 <g £)- <?1 4 o] E] 44 #^Efl 
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Till ufl^l ;^14 ^el-^t-flolE-l* ^^cflolE] *^c-]lo]EiS -Jd^^V^ #^*l-7l ^ 
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